To estimate whether the weight gain recommendations for twin pregnancies in the 2009 Institute of Medicine (IOM) guidelines are associated with improved perinatal outcomes.
A lthough twins account for 3% of all live births in the United States, 1 they account for a greater proportion of neonatal morbidity and mortality. Nearly 60% of twins deliver preterm, and approximately one in four very low birth weight (less than 1,500 g) neonates and one in six neonates who die in the first month of life are from twin pregnancies. [2] [3] [4] In 1990, the Institute of Medicine (IOM) defined optimal weight gain in twin pregnancies to be 35-45 pounds in a term twin pregnancy. 5 Subsequent to these recommendations, a number of studies demonstrated that, similar to singleton pregnancies, gestational weight gain in twin pregnancies is positively associated with birth weight. 6 -9 Further studies also demonstrated that, similar to singleton pregnancies, normal weight gain in twin pregnancies is influenced by prepregnancy maternal body mass index (BMI). 10 Optimal weight gain in twin pregnancy differs between women with different body BMIs, with women with lower BMIs requiring more weight gain than women with higher BMIs. 10, 11 However, the 1990 IOM recommendations did not take into account maternal BMI. Without taking into account maternal BMI, only 25% of women with twin pregnancies gain the 35-45 pounds, which was recommended by the IOM in 1990.
cies. 12 The 2009 IOM guidelines for weight gain in twin pregnancy recommend BMI-specific weight gains: for normal-weight women (BMI 18.5-24.9 kg/ m 2 ), 17-25 kg (37-54 lbs), overweight women (BMI 25-29.9) 14 -23 kg (31-50 lbs), and obese women (BMI 30 or greater) 11-19 kg (25-42 lbs). They concluded that there was insufficient evidence to make recommendation for underweight women (BMI less than 18.5). These recommendations were made assuming a term (37-42-week) delivery. Although the IOM referred to these recommendations as "provisional," these recommendations were recommended in a recent comprehensive review of nutrition in twin pregnancies. 13 The objective of this study was to estimate whether the weight gain recommendations for twin pregnancies in the revised IOM guidelines are associated with improved perinatal outcomes.
MATERIALS AND METHODS
A historical cohort of patients with twin pregnancies was obtained from patients in our private MaternalFetal Medicine practice between 2005 and 2009. Institutional Review Board approval was obtained from the Biomedical Research Alliance of New York before conducting the study. Baseline characteristics and pregnancy outcomes were obtained from our computerized medical records. At the initial prenatal visit, all of our patients are asked to provide their prepregnancy weight. Maternal height is measured by a registered nurse or certified medical assistant. The prepregnancy BMI was calculated using these two values in kilograms per square meter. At each prenatal visit, the maternal weight is measured on a scale by a registered nurse or certified medical assistant. The prepregnancy weight was subtracted from the final weight measured in our office to calculate weight gain during pregnancy. Gestational age was confirmed by first-trimester ultrasonography in all patients. If the pregnancy was known to be the result of in vitro fertilization, gestational age was determined from the in vitro fertilization date.
Patients were included if they had a recorded prepregnancy weight, maternal height, and maternal weight measurements during pregnancy. All patients received prenatal care in our practice; patients who transferred to our practice after 20 weeks of gestation were excluded from analysis. Monoamniotic twins and pregnancies with major fetal anomalies were excluded as well.
Patients were divided into four groups based on their prepregnancy BMI: underweight (BMI less than 18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25-29.9), and obese (BMI 30 or greater). Because the IOM weight gain recommendations are for women who deliver at 37 weeks or greater (the minority of twin pregnancies), it would not be appropriate to compare total weight gain in women who delivered at earlier gestational ages. Therefore, to control for gestational age at delivery, we divided the total weight gain by the gestational age in weeks at the last weight measurement to obtain the weight gain per week.
We then divided the IOM lower limit of normal weight gain at 37-42 weeks by 37 to determine the IOM recommended weight gain per week. For normal-weight women, this was 1.0 lb per week (37 lbs over 37 weeks); for overweight women, this was 0.84 lb per week (31 lbs over 37 weeks); for obese women, this was 0.68 lb per week (25 lbs over 37 weeks). We compared pregnancy outcomes for women whose weight gain per week equaled or exceeded the new IOM recommendations (normal weight gain group) to women whose weight gain per week was less than the IOM recommendations (low weight gain group). Because the IOM did not make recommendations for underweight women, these patients were excluded from this analysis. We compared outcomes in three subgroups: women with a normal prepregnancy BMI, women with an overweight prepregnancy BMI, and women with an obese prepregnancy BMI.
In our practice, we typically deliver uncomplicated twin pregnancies at 38 -39 weeks. The diagnosis of gestational hypertension or preeclampsia was made using standard criteria. 14 We used published tables to determine birth weight percentiles. 15 Aside from looking at mean gestational age at delivery, we looked at preterm birth at prespecified gestational ages from all causes as well as from preterm labor or preterm premature rupture of membranes specifically (spontaneous preterm birth). Pearson correlation, Student t test and chi square were used when appropriate (SPSS for Windows 16.0, Chicago, IL). A P value of Ͻ.05 was considered significant.
RESULTS
A total of 297 patients met the inclusion criteria. All patients had private medical insurance. Using the prepregnancy BMI, 16 (5.4%) women were underweight, 201 (67.7%) women were normal weight, 51 (17.2%) women were overweight, and 29 (9.8%) women were obese. The mean weight gain per week was 1.09Ϯ0.40 lbs. In the entire cohort, the weight gain per week was significantly positively associated with the gestational age at delivery (Pearson correlation 0.152, Pϭ.009) and birth weight of the larger (Pearson correlation 0.239, PϽ.001) and smaller twin (Pearson correlation 0.187, Pϭ.001).
We compared pregnancy outcomes for women whose weight gain per week equaled or exceeded the IOM recommendations (normal weight gain group) with women whose weight gain per week was less than the IOM recommendations (low weight gain group). Because the IOM did not make recommendations for underweight women, these patients were excluded, leaving 281 patients for analysis. One hundred seventysix women (62.6%) were in the normal weight gain group, and 105 (37.4%) women were in the low weight gain group. Baseline characteristics were similar between the two groups, except that the normal weight gain group was more likely to have in vitro fertilization pregnancies and were more likely to be nulliparous (Table 1) . Table 2 describes pregnancy outcomes between the two groups. In women with a normal prepreg- nancy BMI, which were the largest group, patients whose weight gain met or exceeded the IOM recommendations had significantly improved outcomes, including larger birth weights, higher likelihood of delivering two twins more than 1,000 g and more than 2,500 g, lower likelihood of a birth weight less than 5% for gestational age, and less preterm birth and spontaneous preterm birth less than 32 weeks. In women with an overweight prepregnancy BMI, despite only having 41 patients, there were multiple statistically significant improved outcomes seen in women whose weight gain met or exceeded the IOM recommendations, including later gestational age at delivery; larger birth weight of the larger twin; less preterm birth less than 35 weeks and less than 32 weeks; and less spontaneous preterm birth less than 37 weeks, less than 35 weeks, and less than 32 weeks.
In women with prepregnancy BMIs that put them in the obese group, which were the smallest subgroup at 29 patients, there were no statistically significant differences noted. Women in the normal weight gain group were not significantly more likely to have gestational diabetes or gestational hypertension. There were no stillbirths in the cohort.
We reanalyzed our data excluding all women who delivered preterm (less than 37 weeks). This left 119 patients for analysis (79 in the normal weight gain group and 40 in the low weight gain group). Among women with normal prepregnancy BMIs, a significant difference was seen between the two groups with the normal weight gain group having larger birth weights and fewer neonates with low birth weight and low birth weight percentiles (Table 3 ). These differences were not seen in women with an overweight or obese prepregnancy BMI, but these groups had very few patients (23 and 15 patients, respectively).
DISCUSSION
In this study, women with twin pregnancies whose weight gain during pregnancy met or exceeded the revised 2009 IOM guidelines had significantly improved pregnancy outcomes, including longer gestation, less overall preterm birth, less spontaneous preterm birth, and larger neonates. The finding that weight gain in twin pregnancies is associated with birth weight has been shown in previous studies. 6 -9 However, the strong association seen in our study between weight gain and rates of preterm birth has not been conclusively demonstrated previously. This is very important because the rate of twin pregnancies has risen between 1990 and 2005 from 2.2% to 3.2% of all births. 1 Additionally, even among twin pregnancies specifically, the rate of preterm birth has risen from 48% to 60% over the same time period. 1 In addition to demonstrating a reduced risk of preterm birth in twin pregnancies with normal weight gain, we were also able to demonstrate that normal weight gain was associated with a reduced rate of spontaneous preterm birth. Therefore, the increased preterm birth rate for women with less weight gain cannot be attributed solely to indicated or iatrogenic preterm births as a result of illness or fetal growth restriction. Given that our efforts to prevent preterm birth in twin pregnancies have mostly been ineffective, this finding that a focus on nutrition and adequate weight gain may prolong gestation in twin pregnancies is exciting and warrants prospective studies. Perhaps inadequate weight gain could be a correctable cause of prematurity in twins.
Because women who remain pregnant longer are more likely to gain more weight and deliver larger neonates, it is important to analyze the data in a way that can account for these confounders. To account for the expected association between gestational age at delivery and total maternal weight gain, we used the weight gain per week as our measure of weight gain, which controls for gestational age at delivery. Even using this measure of weight gain, women who gained more weight per week delivered at later gestational ages, had less preterm birth, and had neonates with larger birth weights. Another way we controlled for gestational age at delivery was analyzing data for women who delivered more than 37 weeks only. In this cohort, there was still a significant association between increased weight gain and increased birth weights. Therefore, we conclude that maternal weight gain has a positive effect on gestational age at delivery and birth weight above and beyond its association with advancing gestational age. Because our cohort was primarily women with a normal prepregnancy BMI (67.7% of all patients), extrapolating these findings to all patients with twin pregnancies should be done with caution. We did see a similar association between normal weight gain and improved outcomes in women with an overweight prepregnancy BMI, but we had fewer patients in this subgroup. Normal weight gain was not associated with improved outcomes in women with an obese prepregnancy BMI, but we were underpowered for this analysis. Future research is warranted in overweight and obese women with twin pregnancies to determine the optimal weight gain in these cohorts.
Additionally, because 100% of our patients had private health insurance, the applicability of our findings to other populations with different socioeconomic backgrounds is uncertain.
In our cohort, the women who gained more weight were not significantly more likely to develop gestational hypertension or diabetes. We were underpowered to determine whether any weight gain threshold exists above which the risk of these conditions outweighs the benefits, and we were underpowered to determine if women with an overweight or obese prepregnancy BMI who achieve normal weight gain are more susceptible to these conditions. However, for women with twin pregnancies and a normal prepregnancy BMI, they can be reassured that achieving the recommended weight gain will not increase their risk of developing gestational hypertension or diabetes.
Strengths of our study include the uniform and supervised measurements of height and weight as opposed to a reliance on birth certificate data or patient reporting, which can be flawed. We calculated weight gain from actual recorded measurements only. Therefore, our weight gain data should be as accurate as possible. Additionally, because we were able to obtain a first-trimester ultrasonography in all cases, our estimation of gestational age should also be very accurate as compared with birth certificate data as well. Finally, because we cared for all of these patients, we are able to accurately report whether a preterm birth was indicated or spontaneous. Other studies report gestational ages at delivery but are unable to make this differentiation. Our ability to do this uncovered that in addition to weight gain influencing gestational age at delivery and the risk of preterm birth overall, it is also associated with the likelihood of spontaneous preterm birth. These strengths make our data valuable. A limitation to our study is that weight gain was calculated for the entire pregnancy.
It is important that the 2009 IOM revised guidelines be studied in multiple cohorts of twin pregnancies to test their effectiveness. The IOM itself refers to their revised guidelines for twins as "provisional." 12 Therefore, data such as ours are useful. Our data support the revised recommendations of the IOM for women with a normal or overweight prepregnancy BMI and indicate that women with twin pregnancies who meet the IOM guidelines for weight gain have significantly improved outcomes compared with women with twin pregnancies who do not meet those guidelines. Therefore, these guidelines appear effective and should be considered in clinical practice, at least in women with a normal prepregnancy BMI. The association between proper weight gain and a lower incidence of preterm birth and spontaneous preterm warrants prospective studies. The possibility that a focus on maternal nutrition and weight gain could optimize neonatal outcomes and reduce the risk of preterm birth and spontaneous preterm birth deserves significant attention. Future studies could assess nutritional interventions in twin pregnancies and their effect on the rate of preterm birth. This may uncover a simple way to reduce significant morbidity and mortality associated with prematurity.
